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Accuracy of Computerized Electrocardiographic Identification of Left
Ventricular Hypertrophy as Determined by Echocardiographic
Measurements of Left Ventricular Mass: Evaluation of a Widely Used
Computer Program
GERALD C. TIMMIS, MD, FACC, DONOVAN M. BAKALYAR, PHD,
SEYMOUR GORDON, MD, FACC
Royal Oak, Michigan
The Hewlett-Packard 1000 electrocardiographic man-
agement system employsa user-interactivecomputer with
revisable software. The diagnostic accuracy of this sys-
tem in predicting left ventricular hypertrophy has been
evaluated by comparing computer-predicted with ana-
tomic left ventricular hypertrophy. The latter was de-
fined as a left ventricular mass greater than 247 g as
determined by M-mode echocardiography within 1 week
of the computerized electrocardiogram. In this study,
the Hewlett-Packard system was evaluated in 134 con-
secutive patients having anatomic left ventricular hy-
pertrophy and IS7 similarly studied patients with a nor-
mal left ventricular mass. By means of various
combinations of voltage criteria, ST-T wave changes,
abnormal QRS duration or ventricular activation time,
left atrial enlargement and left axis deviation, the com-
puter correctly identified 43 of 134 patients with left
ventricular hypertrophy (sensitivity 32%); left ventric-
The electrocardiographic diagnosis of left ventricular hy-
pertrophy has been consistentl y unsatisfactory. Although
more than 70 electrocardiographic criteria sets for left ven-
tricular hypertrophy have been described (1) , shortcomings
have been found in all of them (2). Romhilt et al. (3) com-
pared 33 different electrocardiographic criteria for left ven-
tricular hypertrophy and found that precordial lead infor-
mation was considerabl y more sensitive but less specific
than limb lead criteria. Sloan and Beevers (4) , reviewing a
variety of criteria sets , estimated that the average sensitivity
and specificity of chest lead criteria were 55 and 88%,
respectively , compared with 50 and 97% for limb leads .
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ular hypertrophy was suggested or identified in an ad-
ditional 18 patients with a normal left ventricular mass
(specificity 89%).
Graded probability statements (that is, the "strength"
of the left ventricular hypertrophy diagnosis) increased
with ventricular mass not only in patients with anatomic
left ventricular hypertrophy but also in the patients with
a "false positive" computerized electrocardiogram.
Overall diagnostic accuracy was improved only in men
by adjusting the definition of left ventricular hypertro-
phy for sex (at least 300 g for men and 220g for women).
Diagnostic accuracy was significantly better in patients
6S years of age and younger than in older patients (p =
0.007). It is concluded that the overall performance of
this computer program (version ECLSB6) requires mod-
ification to improve its accuracy in identifying left ven-
tricular hypertrophy.
(J Am Coli CardioI1986;8:301-9)
They found that the point score system described by Romhilt
and Estes (5) was the best overall predictor of left ventricular
hypertrophy. This score is based on changes in QRS voltage
and duration, ST-T wave changes, P waves and cardiac
axis; however , it is cumbersome and rarely used routinely
except , perhaps, in computer-assisted programs. Recent
necropsy studies involving more than 150 men have reval-
idated the Romhilt-Estes score as the most accurate of all
available criteria with a sensitivity of 69% and a specificity
of 83% (6). Nevertheless , there remains a diagnostic short-
fall which it was hoped would be corrected by computer-
assisted techniques.
Computer programs for diagnosing left ventricular hy-
pertrophy have been based either on a decision tree em-
ploying binary data or on multivariate statistical analysis of
numerous electrocardiographic measurements (second gen-
eration programs) (7). Some programs in limited use have
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been compared with standards independent of the electro-
cardiogram (8-11). Other more extensively used programs
have been compared with subjective left ventricular iden-
tification by electrocardiographers (12-16). Only three stud-
ies objectively testing computer programs have been re-
ported (7,17,18); two of these have compared a widely used
computer program (IBM Bonner 2 V2MO) with electro-
cardiographic independent indexes of left ventricular hy-
pertrophy, but only one employed actual measurement s of
left ventricular mass (7).
The present study was undertaken to determine whether
or not another commonly used computer program for left
ventricular hypertrophy (Hewlett-Packard version ECLSB6)
could improve the identification of left ventricular hyper-
trophy . Therefore, its diagnostic accuracy was objectively
tested by echocardiographic estimates of left ventricularmass.
Methods
Echocardiographic data. The echocardiographic rec-
ords of 945 consecutive adult patients were analyzed for
septal and posterior wall thickness . The wall edges were
identified using the recommendations of the American So-
ciety of Echocardiography convention , which employs lead-
ing edge measurement at the QRS onset preparatory to cal-
culating left ventricular mass (19). The equation of Devereux
and Reichek (20), which includes both septal and posterior
wall thickness, was used for calculating mass:
Left ventricular mass
= 1.04([LVID + PWT + IVSj 3 - [LVID]3) - 13.6 g,
where LVID = end-diastolic internal left ventricular di-
mension, PWT = end-diastolic posterior left ventricular
wall thickness and IVS = end-diastolic ventricular septal
thickness. The echocardiographic measurement technique
employed (leading edge to leading edge) differs from the
Penn measurement convention recommended by Devereux
and Reichek (20) and Woythaler et al. (21). Although ven-
tricular mass determined by this method has been shown to
correlate closely with anatomic measurements, Devereux et
al. (22) showed that use of the American Society of Echo-
cardiography convention measurements in the preceding
formula systematically overestimates mass calculated using
the Penn convention by 15%. Therefore, for the purposes
of our study, left ventricular hypertrophy was defined as a
left ventricular mass of 247 g or more , which is equivalent
to the 215 g used by Devereux et al. (7) when the 15%
American Society of Echocardiography overestimate was
corrected for. There was no attempt to determine ventricular
geometry because echocardiographic estimates of left ven-
tricular mass largely ignore ventricular shape and because
electrocardiographic criteria of left ventricular hypertrophy
are not affected by ventricular geometry (23).
Study patients. There were 134 consecutive patients
(46 [32%] of whom were women) who were selected solely
because they had a calculated left ventricular mass of 247
g or more and who additionally had a computer-processed
electrocardiogram within 1 week of their echocardiographic
study. These patients were compared with a control group
of 157 subjects (85 [54%] of whom were women) who had
no cardiac abnormalities in either the M-mode or two-di-
mensional echocardiogram and who also had a computer-
processed electrocardiogram within 1 week of echocardi-
ography. The age of the patients with left ventricular hy-
pertrophy was 67 ± 14 years (mean ± SD) and that of the
subjects without left ventricular hypertrophy was 59 ± 19
years (p < 0.0001). Only 2 patients with and 14 patients
without left ventricular hypertrophy were less than 30 years
of age . More than 90% of all patients in both groups were
white .
To assess the impact of sex on the precision of the com-
puterized electrocardiogram in identifying left ventricular
hypertrophy, the echocardiographic definition of left ven-
tricular hypertrophy was adjusted, using the mean ± 2 SD
for men (261 g) and women (191 g) as the upper limit of
nonnal as reported by Devereux et al. (24) . These values
were then corrected (22), as previously indicated, for the
overestimation of mass using the American Society of Echo-
cardiography convention with the formula of Devereux and
Reichek (20). Thus, corrected upper limits of normal were ,
respectively , 300 g for men and 220 g for women.
Electrocardiographic analysis. Twelve lead electro-
cardiograms were recorded on a Hewlett-Packard 4710A
electrocardiographic transmitter cart interfacing with a Hew-
lett-Packard 1000 E series computer. Four combinations of
three simultaneously recorded leads were acquired for each
patient in the following sequence : I, II and III; aVR, aVL
and aVF; v., V1 and V3; and V4 , v, and V6 . The com-
puterized criteria (version ECLSB6) for left ventricular hy-
pertrophy included various QRS voltage abnormalities (Ta-
ble 1), in addition to frontal plane QRS axis shifts, ST-T
wave changes , left atrial enlargement patterns and ventric-
Table 1. Weighted Voltage Criteria Employed by the
Hewlett-Packard Computer System
Mean
QRS Voltage
LVH Code Complex (mV)(» Leads Weight
V2 R wave 1.5 II I
V4 R wave 1.2 aVL I
VIO S wave 2.5 V"V2 3
VI4 R wave 2.5 VS,V6 3
VIS R wave 2.0 I,II ,aVL,aVF 3
VIS S wave 2.0 I,II ,aVR,a VF 3
V26 S + R waves 3.5 V1,V2,VS,V6 3
XV26 S + R waves 4.5 V"V2,V4 to V6 3
LVH = left ventricular hypertrophy .
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Figure 2. Diagnostic matrix employed by the Hewlett-Packard
computer system for the unqualified identification of left ventric-
ular hypertrophy. Abbreviations as in Figure I.
Figure 1. Diagnostic matrix employed by the Hewlett-Packard
system for identification of left ventricular hypertrophy (LVH)
modified by probability statements. Shaded boxes indicate criteria
neededfor a particularleft ventricular hypertrophy diagnosis. LAD
= left axis deviation; LAE = left atrial enlargement; 8T-T =
repolarization changes; VAT = ventricular activation time; V-I
and V-3 = different voltage weightings as identified in Table I.
ular activation time or QRS duration (Fig. I and 2). Left
axis deviation was defined as an axis shift of greater than
- 30°in the frontal plane. Changes in ST-T wave deflections
were included if the ST segment was negatively displaced
80 ms beyond the J point by at least 0.07 mV, or if the
computer-identified midpoint of the ST segment was neg-
atively displaced by at least -0.03 mV and the computer-
identified end point of the ST segment was negatively dis-
placed by -0.07 mY. The inclusion of these ST segment
shifts required that T wave amplitude be no more than 0.1
mV or inverted; if biphasic, terminal T amplitude must have
been no more than 0.15 mV or inverted. Alternatively, ST
segment changes coexisting with similar T wave abnor-
*User guide for the Statistical Package for the Social Sciences (SPSSx),
McGraw-Hill Book Company, New York, New York, 1983.
Specificity (%)
100 x patients without LVH with a negative ECG
All patients without LVH
Negative predictive accuracy (%)
= 100 x patients withoutLVH with negative ECG
All patients with negative ECG
Diagnostic accuracy (%)
100 X patients with a true-positive or true-negative ECG
All patients tested (with and without LVH)
Data were stored in the Wayne State University Amdahl
470JV8 computer for subsequent processing and statistical
analysis employing SPSSx* software. Prevalences were
analyzed using chi-square contingency tables with Yates'
correction or the Fisher exact test. Group differences were
Sensitivity (%)
100 x patients with LVH having a positive ECG
All patients with LVH
Positive predictive accuracy (%)
100 x patients with LVH with positive ECG
All patients with positive ECG
malities qualified as criteria if the vector of the ST segment
shift was located from 90° to 269° in the horizontal plane,
or from 90° to 180° if the middle or 80 ms point of the ST
segment was depressed by -0.03 mY. All ST-T wave
criteria must have been present in at least two of the fol-
lowing leads: I, II, aVL and V4 to V6 ; ST-T wave criteria
were rejected if the patient was receiving digitalis.
Left atrial enlargement was defined as inversion of at
least the terminal portion of the P wave by 0.1 mV or more
for 40 ms or more in lead VI; alternatively, a wide P wave
with inversion of some portion by at least 0.1 mV was
required. Temporal QRS criteria included a duration of 95
ms or more or a ventricular activation time of 55 ms or
more while mean QRS duration was less than 120 ms in
either V5 or V6. Twenty-nine combinations of these various
criteria as illustrated in Figures 1 and 2, with voltage weight-
ings as identified in Table 1, were employed for comput-
erized identification of left ventricular hypertrophy. These
foregoing criteria sets include eight reported precordial cri-
teria and 12 limb lead criteria (Table 2 [includes Refs. 25
to 40]; criteria 1 to 8, 17 to 28); moreover, they encompass
the essential characteristics of an additional nine sets of
criteria (Table 2: 9 to 16; Table 3). Thus, the major features
of 29 reported electrocardiographic methods of identifying
left ventricular hypertrophy were employed in each case.
Statistical methods. Statistical data management em-
ployed the following definitions for electrocardiographic
(ECG) left ventricular hypertrophy (LVH):
lVH Code
r IO
" po. slble" 14
~ 18263336
"conlllde," 39
r
42
45
31
49
53
" probable"
58l 6366X26
50
80
48
84
55
89
71
73
43
lVH Code
40
34
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Table 2. Electrocardiographic Criteria for Left
Ventricular Hypertrophy*
Precordial lead criteria
I. R + S > 40 mm (25)
2. R + S > 45 mm (25) (The greatest R in any precordial lead plus
the greatest S in any precordial lead)
3. RS > 35 mm (26) (The sum of the R wave plus the S wave in any
single precordial lead)
4. R Vs ~ 20 mm (Goodwin) (3)
5. R V 6 > 20 mm (27)
6. R VI ~ 24 mm (28)
7. Onset of intrinsicoid deflection in Vs or V6 ~ 0.05 seconds (29)
8. S VI or S v, + R v, or R V6 > 35 mm (3)
9. S VI + R v, or R V6 > 35 mm (30)
10. S VI + R v, or R V6 > 30 mm (31)
I I. S v, + R V4 or R v, > 35 mm (32)
12. S VI + R v, > 30 mm (33)
13. S VI or S Vz + R Vs ~ 35 mm (Goodwin) (3)
14. S VI + R Vs > 33 mm for females (27)
S VI + R V, > 36 mm for males (27)
15. S Vz + S Vs or V6 > 45 mm (Chou) (3)
16. S V2 + R v. > 35 mm (3)
Limb lead criteria
17. R I> 15 mm (34,35)
18. R I > 13 mm (36)
19. R aVL > 7.5 mm (37)
20. S aVR > 14 mm (38)
21. R aVL > 12 mm (38)
22. R aVF > 19 mm (38)
23. R aVL > 13 mm (39)
24. R aVF > 20 mm (39)
25. R aVL > 11 mm (30)
26. R aVF > 20 mm (30)
27. R aVL ~ 11 mm (Goodwin) (3)
28. Left axis deviation - 30° to - 90° (34,40)
Combination criteria
29. Point-score system (Table 3) (5)
*Modified from Romhilt et al. (3) with permission. R = R wave; S =
S wave.
analyzed by Student's t test. Multiple group comparisons
were performed using a one-way analysis of variance and
the Student-Neuman-Keuls test.
Results
Diagnostic performance of computerized electrocar-
diogram. Left ventricular hypertrophy was identified or
suggested by an unedited computer statement in 43 of 134
patients with a left ventricular mass of 247 g or more and
in 18 of 157 patients with a left ventricular mass of less
than 247 g; thus, sensitivity and specificity were 32 and
89%, respectively, and positive and negative predictive ac-
curacy were 70 and 60%, respectively, with an overall di-
agnostic accuracy of 63%. Definite left ventricular hyper-
trophy statements yielded low sensitivity (28 of 134 patients
or 21%) with excellent specificity (153 of 157 or 97%). The
addition of "probable" left ventricular hypertrophy state-
Table 3. Left Ventricular Hypertrophy Point-Score System* of
Romhilt and Estes (5)
No. of points
Amplitude 3
a) Largest R or S wave in the limb leads ~ 20 mm,
b) S VI or S Vz ~ 30 mm, or
c) R v, or R V6 ~ 30 mm
ST-T segment changes (LV strain pattern with the
ST-T segment vector shifted in direction opposite to
the mean QRS vector)
Without digitalis 3
With digitalis I
Left atrial enlargement 3
Terminal negativity of the P wave in VI of I mm or
more in depth with a duration of 0.04 second or
more
Left axis deviation - 30° or more 2
QRS duration ~ 0.09 second I
Ventricular activation time in Vs or V6 ~ 0.05 second I
*5 points = left ventricular hypertrophy; 4 points probable left
ventricular hypertrophy. LV = left ventricular.
ments raised sensitivity to 26% (35 of 134 patients) while
preserving specificity at 95% (149 of 157). Although the
addition of "possible" left ventricular hypertrophy state-
ments increased sensitivity to 32% (43 of 134 patients), it
decreased specificity to 89% (139 of 157). Interestingly,
patients with no computer diagnostic indication of left ven-
tricular hypertrophy but identified as having left atrial en-
largement (LAE group in Fig. 3) had a likelihood of having
left ventricular hypertrophy similar to that in the" probable"
group. Inclusion of this group with patients with definite
statements yields a sensitivity of 29% (39 of 134 patients)
and a specificity of 94% (147 of 157).
Left ventricular hypertrophy codes. Only 16 of the
29 left ventricular hypertrophy codes were employed in the
61 cases in which a positive statement was made (LVH 10,
18,26, X26, 31, 34, 37,40,43,46,50,55,64,67,71
and 73, Fig. 1 and 2). All 43 patients correctly identified
as having left ventricular hypertrophy by unedited computer
statements had indicative voltage criteria because this is an
essential criterion of every left ventricular hypertrophy code
in the Hewlett-Packard software; however, only 9 had a left
ventricular hypertrophy statement based on voltage alone
(LVH 10, 14, 18,26, X26). Changes in ST-T waves were
the most frequently associated criteria, having been iden-
tified in 31 patients (LVH 39, 31, 49, 53, 63, 66, 40, 50,
55,64, 67, 71, 73). Ventricular activation time was ab-
normally prolonged in 24 of the 43 patients (LVH 39, 42,
45,63,66,40,43,46,64,67,69,73). Left atrial enlarge-
ment (LVH 33, 42, 49, 58, 63, 34, 43, 50, 60, 64, 69, 71,
73) and left axis deviation (LVH 36, 45, 53, 58, 66, 37,
46,55,60,67,69,71,73) were seen in 11 and 5 patients,
lACC Vol. 8, No.2
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Figure 3. Analysis of variance (ANOVA) of left
ventricular mass in all 291 patients grouped ac-
cording to computerized electrocardiographic
statement (ECG DX). The histograms depict the
mean for each group with ± I SD indicated by
the error bars. Student-Neuman-Keuls: *p < 0.05
versus A; **p < 0.05 versus A or 8 . Other ab-
breviations as in Figure I.
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respectively. An additional 11 of the 134 patients with an-
atomic left ventricular hypertrophy who were not identified
by the computerized electrocardiogram had left atrial en-
largement. The combination of abnormal voltage, ST-T wave
changes and prolonged ventricular activation time (LVH 40)
appeared in 14 patients, all of whom had anatomic left
ventricular hypertrophy. The electrocardiogram of eight ad-
ditional patients with left ventricular hypertrophy had this
combination of criteria plus left atrial enlargement (LVH
64; n = 7) or left axis deviation (LVH 67; n = 1). Eight
of 43 patients had "possible" left ventricular hypertrophy
(LVH 10 and 26) and 7 had "probable" left ventricular
hypertrophy (LVH 31 and X26).
Specificity analysis. Eighteen (11%) of 157 patients in
our control group had a false positive computer diagnosis
of left ventricular hypertrophy . Four of these displayed une-
dited statements definitely stating its presence (LVH 37, 46,
50 or 67) . Four patients had unedited statements showing
"probable" left ventricular hypertrophy (LVH 31 and X26)
and 10 patients had unedited statements indicating the pres-
ence of only " possible" left ventricular hypertrophy (LVH
10, 18 and 26). Electrocardiographic diagnoses of " defi-
nite" or "probable" left ventricular hypertrophy using com-
binations of ST-T waves, left axis deviation and left atrial
enlargement associated with voltage criteria were made in
seven patients without anatomic left ventricular hypertro-
phy. One " probable" diagnosis and all 10 " possible" di-
agnoses were based on voltage alone.
Modification of standard computer algorithms. In an
attempt to determine whether the existing algorithms for
identifying left ventricular hypertrophy could be diagnos-
tically improved, we explored the effect of adding the fol-
lowing additional criteria, singly or in combination , to the
overall diagnostic yield from existing criteria: QRS axis less
than - 30°, QRS duration greater than 100 ms, ventricular
activation time greater than 40 ms, prolonged QRS duration
and ventricular activation time, prolonged QRS duration and
QRS axis shift , prolonged ventricular activation time and
QRS axis shift and finally, prolongation of both QRS du-
ration and ventricular activation time plus a leftward axis
shift. Adding any or all of these additional criteria to the
existing algorithms resulted in little overall improvement in
diagnostic accuracy (Table 4) .
Electrocardiographic correlation with extent of hy-
pertrophy. When left ventricular mass was compared by
the " strength" of the computerized left ventricular hyper-
trophy statement ("no LVH, " " possible LVH," "probable
LVH," "LVH"), there was a significant correlation (Fig. 3).
Although left atrial enlargement was not considered diag-
nostic of left ventricular hypertrophy, patients with this di-
agnosis also had a greater left ventricular mass (Fig. 3). An
analysis of variance of left ventricular mass per electrocar-
diographic statement was highly significant (p < 0.0001);
thus , left ventricular mass in patients with a left ventricular
hypertrophy statement was significantly greater (349 ± 102
g) (a = 0.05 level, Student-Neuman-Keuls) than that of
patients in the "probable" (295 ± 89 g), " possible" (254
± 88 g) and " no LVH" (216 ± 81 g) groups. Patients
with a left atrial enlargement statement had a mean left
ventricular mass (293 ± 104 g) that was significantly greater
than that of the "no LVH" group only.
Sex and age. Table 5 displays the effects of sex and age
on the identification of left ventricular hypertrophy by the
computerized electrocardiogram. This assessment employed
lACC Vol. 8, No.2
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Discussion
Accuracy of computerized electrocardiogram. This
study establishes that when the computerized electrocardio-
gram identifies left ventricular hypertrophy, there is a fair
correlation between the strength of the unedited comput-
erized diagnosis and left ventricular mass. This is reflected
by the rather high specificity (89%) and positive predictive
accuracy (70%) of the Hewlett-Packard software employed
in this investigation. On the other hand, sensitivity (32%)
and negative predictive accuracy (60%) remain unaccept-
ably low.
Romhilt et al. (3) reviewed 33 different electrocardio-
graphic criteria for left ventricular hypertrophy in a study
of 360 autopsy hearts and found that the overall specificity
of these criteria was excellent; even the five voltage criteria
with the highest sensitivity (56%) yielded false positive
diagnoses in only 10.5 to 14.5% of patients. More recently
Murphy et al. (41) examined the electrocardiographic char-
acteristics of 48 men studied at autopsy who were free of
cardiopulmonary disease, employing postmortem coronary
angiography and a chamber partition dissection technique.
They established the upper 97.5% percentile for QRS volt-
age, axis, duration and intrinsicoid deflection and used these
data to evaluate 28 electrocardiographic criteria recom-
mended for the diagnosis of left ventricular hypertrophy
(some of which are enumerated in Table 6 [includes Refs.
42 and 43]) to show that many reported voltage criteria do
in fact exceed the upper limits of normal (41). Thus, in
contrast to previous studies (44), more recent electrocar-
diographic-anatomic correlations have shown much higher
specificity (3,6,7,41) than was previously thought to exist,
especially for the criteria of Wilson et al. (28) and Sokolow
echocardiographic criteria that were adjusted by sex as rec-
ommended by Devereux et al. (24), The performance was
similar between the sexes except for negative predictive
accuracy. Overall diagnostic accuracy was the same in the
128 women using the sex-adjusted criterion as in the entire
group of 291 using the single 247 g or greater criterion of
hypertrophy (63% for both), but accuracy was substantially
better (p = 0,07) in the 163 men (74 versus 63% for the
entire group using the sex-independent criterion). Using sex-
adjusted criteria of increased ventricular mass for the entire
group of 291 patients, the overall diagnostic accuracy was
69 versus 63% using the sex-independent single criterion
of left ventricular hypertrophy (p = 0,06, one-tailed). Table
6 also shows that using the same sex-adjusted criteria for
hypertrophy, age, dichotomized by its median, had no effect
on sensitivity, specificity or positive predictive accuracy;
however, negative and overall diagnostic accuracy were
significantly better in younger patients. Body surface area
was the same in all subgroups regardless of the presence or
absence of hypertrophy.
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Table 5. Effect of Sex and Age on the Diagnostic Performance of Computerized Electrocardiographic Identification of Left
Ventricular Hypertrophy (LVH).
Total ,,;65 Years >65 Years
Total (n = 291) Men Women (n = 150) (n = 141)
(n = 291) 300 g (M) (n = 163) (n = 128) 300 g (M) 300 g (M)
LVH definition (mass :2:) 247 g 220 g (F) P Value 300 g 220 g P Value 220 g (f) 220 g (F) P Value
Mean BSA ± SD
LVH 1.89 ± 0.23 1.81 ± 023 1.93 ± 0.21 1.72 ± 0.20 1.90 ± 0.21 1.77 ± 0.23
No LVH 1.77 ± 0.23 1.83 ± 0.24 1.94 ± 0.22 1.66 ± 0.15 1.86 ± 0.26 1.81 ± 0.21
Sensitivity (0/0) 32 36 43 31 37 35
Specificity (0/0) 89 87 85 91 89 85
Accuracy (0/0)
Positive predictive 70 61 51 75 50 69
Negative predictive 60 71 80 61 0.001 82 59 <0.001
Overall diagnostic 63 69 0.06* 74 63 0.073 77 61 0.005
*One tailed. Sex-adjusted definitions ofhypertrophy were employed assuggested by Devereux etal. (24). Probabilities are computed using the Fisher
exact test and are two-tailed unless indicated otherwise. BSA = body surface area; F = female; M = male.
"Modified from Murphy et al. (41) with permission. Q = Q wave;
other abbreviations as before.
Table 6. Evaluation of Recommended Electrocardiographic
Criteria for Left Ventricular Hypertrophy in 48 Autopsy Patients
Free of Cardiopulmonary Disease"
and Lyon (30). Specificity for left ventricular hypertrophy
might have been less had the patients in our study been
younger (45-48); however, only two of our patients with
and 14 without anatomic left ventricular hypertrophy were
less than 30 years of age. Any of the preceding criteria,
including our own, would perform less well in groups with
a more representative (lesser) prevalence of hypertrophy.
Algorithm components. Electrocardiographic voltage
abnormalities were a component of all computer electro-
cardiographic criteria sets; however, only 9 of 134 patients
were identified as having left ventricular hypertrophy on this
basis alone (as were II of the 157 patients not having left
ventricular hypertrophy). The next most common criterion,
Criteria for Left Ventricular Hypertrophy
Left axis deviation 2: - 30° (40)
Intrinsicoid Vs or V6 2: 0.05 second (3,29)
S V, + R V s > 36 mm (42)
S V I or V 2 + R V 5 or R V6 > 40 mm (26)
S V I > 24 mm (28)
S V, + R Vs orv;» 35 mm (30)
R in Vs or V6 2: 26 mm (25)
R V6 > 20 mm (42)
R in lead I > 13 mm (36)
> 15 mm (43)
R I + SIll> 25 mm (43)
R aVL (37)
> II mm (30), > 12 mm (38), > 13 mm (39)
R aVF (38)
> 19 mm (38), > 20 mm (39)
Q aVR > 14 mm (38)
Upper 97.5
Percentile
-300
0.04 second
33 mm
38 mm
16mm
33 mm
20 mm
IS mm
13 mm
13 mm
19mm
8 mrn
8 mrn
14mm
14mm
12 mm
ST-T wave changes, was observed in 31 of the 43 patients
with left ventricular hypertrophy who were correctly iden-
tified by electrocardiography. Although Kansal et al. (49),
using multivariate analysis, identified QRS duration abnor-
malities as the most powerful individual variable among a
variety of left ventricular hypertrophy criteria (Sokolow-
Lyon, Grant, Romhilt-Estes), this was observed in only 25
of the 43 patients with left ventricular hypertrophy with a
positive electrocardiographic diagnosis. Both left axis de-
viation and left atrial enlargement were relatively infre-
quent, having been identified in 5 and II, respectively, of
the 43 patients with a true positive left ventricular hyper-
trophy statement. Although left atrial enlargement has long
been suggested as a criterion for left ventricular hypertrophy
(49), it was not employed as an isolated criterion for the
purposes of this study. It appeared in the absence of left
ventricular hypertrophy codes in II of the 134 patients with
an increased left ventricular mass and in 6 of the 157 patients
with a normal mass. Thus, the sensitivity of the Hewlett-
Packard diagnostic schemafor left ventricular hypertrophy
would increase from 32 to 40% if left atrial enlargement
was included as a criterion, whereas specificity would fall
from 89 to 85%.
Better electrocardiographic detection ofleft ventricular
hypertrophy was achieved by Casale et al, (50) using new
criteria that stratified QRS voltage and repolarization find-
ings into sex and age subsets. Additionally, they used sex-
specific left ventricular mass indexed to body surface area
as the echocardiographic reference standard of hypertrophy.
Using individual measurements rather than criteria sets, they
found that the voltage of the S wave in lead V3, the R wave
in lead aVL and the T wave in lead V I yielded the most
independent information about left ventricular hypertrophy
and that additionally, sex and age stratification improved
the diagnosis of left ventricular hypertrophy. Such an anal-
ysis, which requires fractionation of the computerized al-
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gorithms herein, is beyond the scope of this report, although
such studies are currently in progress.
Echocardiographic identification of hypertrophy. The
identification of left ventricular hypertrophy by a left ven-
tricular mass of 247 g or greater is equivalent to the 215 g
utilized by Devereux and his colleagues (7,20,23) when the
15% increase (22) in computed left ventricular mass re-
sulting from use of the American Society of Echocardiog-
raphy convention with the Penn cube formula is taken into
account. McFarland et al. (51), employing M-mode echo-
cardiography and using the Penn convention, found that left
ventricular mass was less than 200 g in all 20 of their healthy
subjects whose ages ranged from 25 to 47 years (19 men).
Murphy et al. (6), in an autopsy study of cardiac chamber
weight in 323 men, defined left ventricular hypertrophy as
a left ventricular mass greater than 171 g. Woythaler et al.
(21) found that M-mode mass prediction correlated well with
actual left ventricular mass in 48 autopsy patients (their SEE
was 51 g). By linear regression analysis they found that 225
g of anatomic left ventricular mass was equivalent to an M-
mode estimate of 265 g; however, the former value is too
high for determining the lower limit of anatomic left ven-
tricular hypertrophy.
Calculation of left ventricular mass by M-mode echo-
cardiographic techniques was found by McFarland et al.
(51) to be a better method for predicting anatomic left ven-
tricular hypertrophy than simple measurements of wall
thickness. Woythaler et al. (21) found that M-mode echo-
cardiography was at least as accurate as two-dimensional
methods for identifying left ventricular hypertrophy. Rei-
chek (52) found that both M-mode and two-dimensional
methods were slightly better than angiocardiographic tech-
niques. The echocardiographic sensitivity for identifying left
ventricular hypertrophy has been shown in autopsy studies
to be in the range of 90% or more with a similar
specificity (21).
Role of sex. Adjusting echocardiographic criteria of left
ventricular hypertrophy for sex (300 g or more for men,
220 g or more for women) may lead to a marginal improve-
ment (p = 0.06, one-tailed) in electrocardiographic per-
formance. In comparison with the overall performance of
the computer program in identifying left ventricular hyper-
trophy in 134 patients with a left ventricular mass of 247 g
or more, the computer's diagnostic yield in women with
modified criteria was almost identical (Table 5). Negative
predictive accuracy in men and both negative and overall
predictive accuracy in young patients improved significantly
by adjusting the definition of left ventricular hypertrophy
(p < 0.0 I in all cases). The overall impact of substratifying
the computer's performance by sex, however, was not im-
pressive. The same was true for age where sensitivity and
specificity and positive predictive accuracy were concerned.
Body size as estimated by its surface area had no effect on
the prevalence of left ventricular hypertrophy in any subgroup
identified by sex or age,
Conclusions. The problem with the computerized
electrocardiographic method of identifying left ventricular
hypertrophy remains one of sensitivity rather than specific-
ity. Where specificity is concerned, the traditional skepti-
cism about the accuracy of a variety of criteria for left
ventricular hypertrophy does not appear to be warranted if
these criteria are rigidly applied by computer processing in
patients older than 30 years of age, Using criteria similar
to those of our group as a whole, Devereux et al. (7) found
that the sensitivity of the IBM Bonner program (45%) in
identifying left ventricular hypertrophy was better than that
reported here for the Hewlett-Packard ECLSB6 program
(29%), Nevertheless, both of these two most frequently used
computer programs leave enough to be desired that other
criteria sets, perhaps using orthogonal electrocardiographic
information, should be explored (53).
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